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Abstract 
Currently a substantial amount of cycling research and training is conducted in sports science laboratories utilising 
cycle ergometers and/or turbo trainers. These devices have been widely used within cycling research, however, they 
have been found to be difficult to set-up and adjust, particularly whilst in use as well as to replicate a force profile 
similar to that experienced when competing. This study details the development of a novel cycle ergometer that 
incorporates automatic bike set-up and adjustment. The ergometer was designed in accordance with a design 
specification developed through the use of needs analysis of elite cyclists and performance scientists. The user 
analysis identified a need for increased adjustability (seat height (SH), seat set back (SS), handlebar drop (HD) and 
handlebar reach (HBR)) and positioning accuracy, whilst maximising the stability and stiffness of the frame when 
conducting maximal effort trials particularly at the bottom bracket. The novel ergometer incorporates two lifting 
columns to provide HD adjustment from 411mm to 868mm and SH adjustment from 568mm to 928mm. The two 
lifting columns were mounted on two linear rails to provide horizontal adjustment of the handlebars relative to the 
seat, and seat relative to the bottom bracket. The motors on both the lifting columns and linear rails were fitted with 
HTL encoders, increasing the positioning accuracy to +/- 0.1 mm. An anti-coast brake was also fitted to prevent the 
lifting columns or linear rails from slipping whilst in use. When comparing existing set up time, adjusting from the 
largest to smallest set-up, current ergometers can take up to 30 minutes, whereas the new ergometer takes 8 seconds. 
To minimise twisting of the frame during maximal effort cycling, the bottom bracket has been mounted on a 65mm x 
65mm square column. Finite element analysis of the structure identified that it would remain stable whilst subjected 
to up to 800Nm of torque. In conclusion the development of the novel ergometer allows for greater adjustability, 
speed of set-up and maximise frame stability during use. 
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1. Introduction 
Within elite cycling the difference between winning and losing can be fractions of a second, therefore, 
the importance of developing novel training systems to maximise strength development, endurance and 
optimising equipment set-up is of vital importance. The interaction between the athlete and the equipment 
is highly complex and there are multiple variables that affect the bike set-up. These variables include 
anthropometric data, as well as flexibility, strength and neural ability. There are several related factors 
which can affect performance, including physiological consumption, drag, power production and O2 
consumption. Optimising riding position, therefore, becomes very important to not only minimise injuries 
but also optimise performance [1]. This has been demonstrated within previous research, where the 
adjustment of saddle height has been  shown  to  result  in  changes  in  the  range  of motion in  hip,  knee  
and  ankle  joints  [2,3,4,5,6]. This can have an effect on the shortening range and velocities of the 
muscles across these joints and in turn could have an effect on power output [7]. Therefore, it is of key 
importance that the bike is set up to obtain maximum performance from the cyclists, and is tested 
regularly to determine if further performance enhancement could be gained if the bike set up is adjusted. 
Currently a substantial amount of cycling research and training is conducted in sports science 
laboratories utilising cycle ergometers and/or turbo trainers. These devices have been widely used within 
cycling research, however, they have been found to be difficult to set-up and adjust, particularly whilst in 
use. This study details the development of a novel cycle ergometer that incorporates automatic bike set-up 
and adjustment, to allow bike fitting to be conducted whilst cycling to determine the most efficient/ 
powerful position.  
1.1. Needs Analysis 
Within elite cycling, professional trainers and biomechanists use ergometers to train and analyse elite 
cyclists in a controlled environment. The data gained from these tests are utilised to help monitor and 
improve the cyclists performance across multiple factors including but not limited to technique, power 
output and physiological efficiency.   
As part of the research into the requirements of trainers and elite cyclists, a meeting was organised 
with a top biomechanist and performance manager working for a national cycling team. Through 
discussing the design and functionality of existing ergometers, several needs were outlined; 
• Fixed cadence, inertia specific cycling and instantaneous torque measurements are required, 
• Improvements to the feel of an ergometer are needed to represent a conventional bike more accurately, 
as most existing ergometers have high inertia at the start, 
• More accurate torque measurements per 0.5 degree of pedal rotation are required to greater understand 
the profile of individual cyclists and riding techniques,  
• An easy to use human interface is needed, 
• Greater range of adjustment in terms of handlebar drop (HD), handlebar reach (HR) seat height (SH) 
and seat set back (SS), 
• Faster more accurate way to set the ergometer in the correct position for individual cyclists, with 
greater repeatability, 
• Ability to adjust bike setup whilst cycling. 
Within these there are two categories of needs, one is for an improved resistance mechanism to 
simulate real cycling in a more realistic manner, and the other is to develop an automated adjustable 
frame to fit a large range of cyclists which can be adjusted during use. This study focused on the needs 
relating to bike set up and adjustment. 
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1.2. Product design specification (PDS) 
The PDS was developed with a set of minimum requirements. Although a full PDS was developed the 
main focus of this paper is on saddle and handlebar adjustability. Therefore, the section of the PDS 
regarding frame design and adjustability is outlined in Table 1, detailing a set of minimum requirements 
which were outlined within the needs analysis. 
Table 1. Product design specification for the ergometer frame. 
Specification Minimum requirements 
Saddle 
The saddle must be vertically adjustable with respect to the crank.   
 
The saddle must be horizontally adjustable with respect to the crank. 
 
The saddle must be interchangeable to accommodate  athletes own saddle   
 
 
600mm - 900mm 
 
-50mm to 80mm 
 
Seat post must be removable  
Handlebars 
The handlebars must be vertically adjustable with respect       to the crank.   
 
The handlebars must be horizontally adjustable with respect to the saddle 
 
The handlebars must be interchangeable to accommodate athletes own handlebars 
 
450-850mm 
 
650mm - 1000mm 
 
Accommodate handle bar stem and 
carbon fibre bars 
2. Novel Ergometer Design 
The needs analysis conducted identified the areas of development required to improve the functionality 
and performance of the current ergometer.  This section details the development of an automated 
ergometer for use with elite athletes (Figure 1). To allow automated horizontal adjustment of both the 
handlebars and seat two linear rails were used. Each unit was comprised of parallel rails on which a 
carriage was mounted using four 95mm lubricated bearings. These bearings were specified as they are 
capable of withstanding a turning moment up to 3250Nm minimising relative movement between the 
carriage and rails. The carriages are driven by a ball screw powered by a 550W motor with a HTL 
encoder and anti coast break increasing the positioning accuracy to +/- 0.1 mm and to prevent slipping 
whilst in use. To provide the vertical adjustment of both the saddle and the handlebars two lifting 
columns were used.  Both lifting columns incorporated pre-loaded bushings to minimise movement and 
are capable of withstanding forces up to 18000N when at maximum extension. As with the linear rails, 
each lifting column was fitted with a HTL encoder, and an anti-coast brake was also fitted to prevent the 
lifting columns or linear rails from slipping whilst in use.     
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Fig. 1. Concept design images detailing the vertical and horizontal actuators, bottom bracket assembly, motors and coverings. 
The handle bars were mounted on top of the lifting column in the centre of the top plate. The mount 
was fixed at a 73.5º angle with a fitting diameter of 25.4mm, this enabled any standard handlebar stem to 
be attached as well as carbon fibre handlebars, which are commonly used within track cycling. The seat 
post mount was offset from the vertical column by 400mm to prevent the lifting column impeding the leg 
motion when cycling. The seat post mount consisted of a 27.2mm hole at an angle of 80º allowing the 
cyclist to attach their own seat post.   
The bottom bracket was set within a 68mm x 68mm steel column, which was deemed suitable as finite 
element analysis showed that it was strong enough to withstand over 1000Nm torque which is 
substantially higher maximum torque measured by elite cyclists of 700Nm.  
Finally a comparison between the current ergometer and the new ergometer was conducted (Table 2). 
Both the new ergometer and the current ergometer can be seen to fulfil the PDS (Table 1), in terms of 
accommodating the riders own handlebars and seat posts/ seats, and both offer vertical and horizontal 
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adjustment of the seat and handlebars relative to the bottom bracket. However, the new design allows a 
larger range of adjustment of both seat and handlebar position, which was specifically identified as a key 
deliverable by both the biomechanists and the performance manager within the needs analysis. Finally, 
the new ergometer allowed for a significantly shorter set up time, estimated at 8 seconds, as the linear 
rails travel at 60mm/s and the maximum stroke length is 480mm, compared to the current systems 30 
minutes, which was perceived as a huge benefit in terms of maximising athlete use within the timeslots 
allocated to them, as well as allowing set up adjustment whilst riding. 
Table 2. Comparison of the current and novel ergometer. 
Specification Current New design 
Saddle 
The saddle must be vertically adjustable with respect to the crank.   
 
The saddle must be horizontally adjustable with respect to the 
crank. 
 
The saddle must be interchangeable to accommodate  athletes own 
saddle   
 
670mm – 820mm 
 
0mm – 70mm 
 
 
Seat post is interchangeable 
 
568mm – 928mm 
 
-66mm – 104mm 
 
 
Seat post is interchangeable 
Handlebars 
The handlebars must be vertically adjustable with respect to the 
crank.   
 
The handlebars must be horizontally adjustable with respect to the 
saddle 
 
The handlebars must be interchangeable to accommodate athletes 
own handlebars 
 
500mm – 700mm 
 
 
650mm - 800mm 
 
Accommodates handle bar 
stem and carbon fibre bars 
 
411mm – 868mm 
 
 
610mm – 1090mm 
 
Accommodates handle bar 
stem and carbon fibre bars 
 
Set up time 
 
Up to 30 minutes 
 
Up to 8 seconds 
 
3. Conclusion 
This study details the development of a novel cycle ergometer that incorporates automatic bike set-up 
and adjustment. The novel ergometer incorporates automated adjustment of the handlebar and seat 
position. The adjustment mechanisms have been built to withstand the forces exerted by top cyclists with 
a large safety factor incorporated. Comparisons between an existing ergometer, the novel ergometer and 
the user needs, demonstrates that the novel ergometer comprehensively fulfils the needs identified by the 
end-user. The development of the novel ergometer will allow more accurate bike set up when training, 
with greater repeatability, whilst minimising set-up time. Finally, the novel ergometer developed within 
this study will allow fine adjustment of riding position when training to help ensure optimal performance 
is obtained.  
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